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March 30, 1858. 
CHARLES HUTTON GREGORY, Member of Council, 

in  the Chair. 

No. 986.--" On  the  Electrical Qualifications requisite  in Long 
Submarine  Telegraph Cables."' By SAMUEL ALFRED VARLEY. 

THE two Papers which have recently been read, on Submerging 
Submarine  Telegraph Cables,  naturally open up  the whole question 
of submarine telegraphy, and  suggest  the inquiry,  whether the 
telegraph cables, as at present  constructed, fulfil in  the best 
manner,  all  the conditions  requisite for working out  the electrical 
portion of the problem. It is not sufficient simply to  get over the 
mechanical difficulties of submerging ; the cable is required  to 
afford the means of communicating  readily  and rapidly,  after  it 
has been safely laid down in its place, and  these considerations 
may, perhaps, materially modify its construction. 

There seems to be a great  deal of uncertainty,  in the  minds 
of those engaged in applying electricit,y practically, regarding  the 
laws of conduction and induction ; and consequently of t,he nature 
of the conductor which should be employed for long submarine 
circuits. A  careful study of the conclusions arrived at by the 
projectors of the  Atlantic cable, leads to the belief, that some 
errors have  been  inadvertently  introduced  into their calculations ; 
but  the  Author trusts, that if  in the course of this Paper he is led 
to criticise any of these results, his remarks will be received in a 
friendly  spirit, as they originate solely from a desire to  arrive at  
the  truth. 

The  laws of conduction which electricity obeys in  its passage 
through a conductor have been ascertained by the  Author, as t,he 
result of experiment,  to be-First, that a wire 1 mile long offers 
exactly half the resistance, of a wire 2 miles long ; and Secondly, 
t,hnt two wires, each two miles long, when placed side by side, 
which is  the same thing as one of double the  area, oppose the 
same amount of resistance, as one wire 1 mile long. 

With  regard  to induction,  experiments instituted  and carried 
out by the Author,  in conjunction with Mr. C. John  Varley,  gave 
the following results:-with flat plates  induction follows the 
same law as conduction, decreasing in  regular proportions, as the 
insulating medium is increased;  that is to say, if' the inductive 
force through one plate is twelve, through two plates it will be 

This Paper was only read in ahstract,  and no discussion was taken upon it, in 
consequence of the number of evenings already devoted to the same  subject. 
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six, through  three  plates it will be four, and so on. I n  a gutta- 
percha-covered wire, it probably does not follow precisely the 
same law, for when the  insulating  materials  are increased in 
thickness, the outside surface of the  gutta-percha  is also enlarged, 
which partly  counteracts the beneficial effect  of the  greater thick- 
ness. Mr. Cromwell Varley st,ates, that some experiments tried 
by  him, to  ascertain the law which induct,ion follows, under  such 
circumstances, went to show, that in a wire one-tenth of an inch 
in diameter,  coated to  the  depth of one-tenth of an inch with 
gutta-percha, making a total  diameter of three-tenths of an inch, 
when compared wit,h one of the same size, but coated to  the depth 
of two-tenths of an inch, making a total  diameter of five-tenths 
of an  iuch, the inductive force of’ the former was to the  latter as 
4 to 39, or thereabouts,  and not as 4 to 2. There is, however, 
some difficulty in obtaining accurate results, so that this  must be 
considered only as an approximation. 

The first general  deductions from these laws would be, that  the 
larger  the sectional area of the metallic core of the cable, and  the 
thicker the  insulating materials, the more efficient  will be the con- 
ductor. The projectors of a submarine  telegraph have, however, 
to regard  the expense, facility of carriage, and  other points tending 
to limit the size of the cable, as well as its electrical capabilities. 

Those who have had  the management of the  Atlantic cable, 
have no doubt  attentively considered the subject in  all  its bear- 
ings, and have adopted what they conceive will best fulfil all these 
conditions. The conclusions they have arrived at are,  that no 
adequate  result is obtained by increasing the sectional area of the 
metallic core, and, moreover, that a large wire conducts more 
slowly than a small one, in  submarine circuits. They say that 
science has shown, “that  large-coated wires used beneath the 
water, or the  earth are worse conductors, so far  as velocity of trans- 
mission is concerned, than small ones, and therefore  not so well 
suited as small ones for the purposes of submarine transmission 
of telegraphic signals.”’ 

The  Author conceives there must be some error in  these  results ; 
but before giving his reasons for thinking so, it will be necessary to 
direct  attention  to a few facts, relating to the  quantity  and tension 
of an electric  current. If a battery of six cells is connected 
through a short  circuit of nominally no resistance, a much greater 
quantity of electricity will pass, than when connected through a 
perfectly-insulated fine wire of very great length, and opposing, 
therefore, great resistance to  the passage of the current. If a 

Proceedings, &C., published  by order of the Directors of the  Company. London, 
L Vide “ The Atlantic  Telegraph.  A  History of Preliminary Experimental 

July, 1857,” page 26. 
[1857-58. N.s.] 2 B  
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battery with the  same  number of  cells, but with twice the  extent 
of surface in each cell, and capable, consequently, of generating, 
through a circuit of nominally no resistance, double the  quantity of 
electricity, be connected through  the same wire, practically  no 
more will pass than  in  the former case, the resistance of the wire 
measuring  out  the  quantity of electricity which  flows through. It is 
almost the  same  thing,  as water flowing out of a small pipe, inserted 
into  the  bottom of a cistern;  the  rat,e at which it flows being 
dependent,  not on the  quantity of water in the cistern, but upon 
the  height of the column. If  the series is increased, more will be 
forced through  the circuit, and cell by cell may be added, until, 
for all practical purposes, as much will be  developed through  the 
long fine wire, as the  battery originally generated, when on short 
circuit. Theoretically, this could never be attained. A further 
addition  to  the series will not make  any perceptible  increase in 
the  quantity flowing, for there is already power enough to force 
through all that  the  battery is capable of generating,  and  the 
amount of force given out is always proportionate to  the dynamic 
quantity flowing through  the instruments. Intensity is only the 
medium by which this dynamic quantity is forced  through. This 
is an  important  fact  to be borne in mind. 

The  three following conclusions seem also to  have Been arrived at  
by the projectors of the  Atlantic cable :‘-First, that  an  insulated 
submarine wire conducts according  to a different law to  that of a 
suspended  circuit ; Secondly, that  the  rate  at which a voltaic signal 
travels along a wire is not affected by the intensity of the  battery;  and 
Thirdly,  that magneto-electric induced currents have the property 
of travelling much faster  than voltaic ones, and increase in  the 
rapidity of travelling, when their intensity is increased. In  
examining  these conclusions, it  has first to be considered,  whether 
the conditions of a submarine  circuit and of a suspended  one are 
different. In  a suspended wire, the  insulating medium of the air 
takes  the place of the  gutta-percha of the submarine circuit. The 
earth, which is the  nearest conductor, is a considerable  distance 
off, and  is only on  one side of the wire ; therefore, but  little 
induction  can take place  between the wire and  the  earth. 
Nevertheless,  induction to a certain extent does take place, and 
can be perceived in circuits of very moderate length. The 
Author  has noticed indications of it in a circuit EO miles long, 
and  he feels confident that, with delicate  apparatus, it could 
be perceived in much shorter circuits. If  the distance be- 
tween the wire and  the  earth is decreased,  induction will be 
developed more  strongly, and the wire could be brought down, 
step by step, until  the condition of a submarine circuit would be 

~ 

1 Vide The  Atlantic  Telegraph,” &C., pp. 25 and 26. 
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approached, where the  earth surrounds the wire on all sides, and 
is only separated from it by the  thickness of one-eighth, or three- 
sixteenths of an inch of gutta-percha, a substance possessing, 
moreover, specifically a much greater inductive capacity than air. 
It,  therefore,  appears that  the conditions are precisely the same, 
only differing  in  degree. Before proceeding further,  and  to pre- 
vent the possibility of mistake, it  is advisable to  make  the fol- 
lowing quotation from the work previously referred to :--“ The 
law of the squares may possibly a.pply to the transmission of elec- 
tricity freely along simple conducting-wires, but it certainly does 
not apply to  the case of its transmission along submarine or sub- 
terranean gutta-percha-covered wire (the facility of transmission 
being estimated by rate of speed), because in  this  the case is not 
one of simple conduction, but of transmission after  the wire has 
been charged inductively to saturation  as a Leyden jar.” This 
quotation shows clearly, the reason for concluding that small wires 
are  better conductors for submarine circuits, as  far as transmission 
is concerned, than  larger ones; for the smaller the  Leyden  jar, 
the more quickly will it be  charged to  saturation. The Author, 
in differing from these conclusions, does not wish it to be  under- 
stood, that he thinks the law of squares is applicable  to  submarine 
wires; for  he is not  aware of any electrical phenomena which 
obey that law. But he submits, that  there is a material difference 
between a Leyden  jar  and a submarine wire. I n  a Leyden  jar, 
the inner and  outer coatings are perfectly insulated one from the 
other. If they were not insulated, there could be no statical 
charge, as is well understood by all electricians. Induction, 
therefore, involves insulation. Rut in a submarine  circuit  this is 
not the case. If  the wire was disconnected at  the  further 
extremity from the  telegraph instrument, and was sealed up with 
gutta-percha,  the conditions would be nearly the same. In  
practice, however, it  is quite open through  the  instrument  to  the 
earth,  and  the resistance opposed by the very long length of wire, 
is the 0111~ insulation between the  inner  and  outer  coatings; for 
it unites both, being  in connexion with the  earth at both ends. 
It is, therefore, evident, that if the wire offers no resistance, there 
will be no insulation, and,  as a consequence, no induction to  retard 
t,he pasrage of the current. It is also equally plain, that precisely 
in proportion to  the resistance which the wire opposes, provided 
always  the  illsulating  medium is of the same thickness, will induc- 
tion manifest itself, and  retardation be  experienced. There  is 
also another  diff’erence between a Leyden jar  and a submarine 
circuit. The IAeytien jar  is  charged uniformly all over, whilst in 
a snbnlarine wire, the tension of the charge varies  in different 

Vir le  “ T h e  Atlantic Telegraph,” &C., page 23. 
2 B 2  

Downloaded by [ University College London] on [23/09/16]. Copyright © ICE Publishing, all rights reserved.



372 ELECTRICAL QUALIFICATIOXS OF SUBMARINE CAELES. 

portions of the circuit ; being at  its maximum at the  end  where 
contact with the  battery is made, and  gradually vanishing  to 
nothing at  the  further extremity. 

The  fact has  already been adverted to, that if a battery  capable 
of developing, when in  short circuit, a much greater  quantity of 
electricity than it does when connected through a fine, wire, is 
connected through a long wire, of small dimensions, the  quantity 
evolved through one length of this fine wire, will  be twice the 
amount of that evolved through double the length. From  this 
it appears,  that double the  length of wire opposes the same resist- 
ance to a given quantity of electricity, as a wire of half this length 
does to double that quantity of electricity. Hence  any length of 
wire opposes an infinitely small  amount of resistance to an infinitely 
small quantity of electricity. 

An  idea seems to prevail, that if the wire becomes attenuated at  
any one spot, the conducting power of the whole circuit will be 
brought down to that of a wire of no greater thickness than  it is, a t  
the  attenuated portion. I t  will be at  once seen, from what has  just 
been said,  that this cannot be the case ; but  that the  effect will be 
precisely the  same as increasing the  length of the circuit. For 
if the circuit is attenuated, say throughout a mile of its  length, to 
half its  normal  diameter,  it will  possess, in  this space, only one- 
fourth of the sectional area ; consequently it will oppose four times 
as much resistance as a mile of wire of its original size. In  other 
words, this mile will oppose as much resistance as 4 miles of any 
other portion of the circuit. I f  the resistance,  offered by one mile 
of the circuit, is put down as 1, then  the resistance opposed by 
the  attenuated mile would be 4; and if the normal  resistance, or 
1, is  subtracted from this, there will remain 3, as the excess of 
resistance over what it should be, owing t.o this attenuation. The 
effect will therefore be the same, as increasing  the length of the 
circuit by 3 miles. I t  seems surprising, that this  should  have 
escaped observation, for if true, the conducting power of the whole 
circuit would be brought down to that of a wire of no greater 
diameter  than  that  made use of in  the coils of the instruments, 
which may be considered simply as a continuation of the cable, and 
is only about one-eightieth of an inch in diameter. Electricity 
flowing through a long circuit which is attenuated a t  one portion, 
may be  compared  to  water flowing through a long tube of small 
dimensions, and therefore opposing a great  amount of friction  to 
the passage of the water. If' the  tube is indent,ed at  any one part, 
it will decrease the flow to a certain extent; but  not  nearly so 
much, as if the bore of the pipe was reduced throughout  its  length 
to the same size as it is where indented. 

Incidentally connected with, and following as a natural sequence 
to what has  just been  said, is the  bearini  and  the value of the 
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resistance opposed by the  coih of the telegraph  instrument. I f   an  
electro-magnet is enveloped with a single convolution of wire, and 
a battery is connected with it, there will be little resistance  to the 
free passage of the  electricity, as owing to the  short  length of 
wire, but very little magnetism will be developed. Under such 
conditions, with a great expenditure of battery-power, a very small 
equivaient of magnetic force will be obtained. If  the number of 
convolutions be increased,  until the resistance opposed  by the 
greater  length of wire begins, sensibly, to reduce the dynamic 
quantity flowing, the magnetic force will then be found to be 
increased proportionately  to the number of convolutions, less 
certain  other considerations, which need not now  be entered upon, 
and with actually less expenditure of battery-pow-cr. Resistance 
encountered and overcome, under these conditians, implies so much 
work done, and  the  larger  the proportion of it in the instruments, 
relatively to that opposed by the cable, the more economically will 
the electricity be expended. If  the cable is supposed to offer ten 
times the resistance of that opposed by the coils of the telegraph 
instrument, which is nearly the case in some printing circuits of 
200 miles in length, the whole of the cable, as well as  the coils, will 
be rendered magnetic. Ten-elevenths of the  magnetism will  be 
developed in the cable itself, where it will be useless, and one- 
eleventh only in the coils of the  apparatus, where it will be avail- 
able  as a motive force. Rut., if the coil-wires are increased  in 
length, so as to oppose a resistance equal  to 40 miles of the cable, 
an amount of magnetism equal to one-fifth of that developed in the 
cable, instead of one-tenth, as in the former instance, will now be 
developed in  the  telegraph instrument, if the same quantity of 
electricity as in the former case is forced through. Hence  the 
reason is apparent, why such fine  wire, and so great a length of it, 
is found to answer best, for the coils of telegraphic  apparatus. I n  
practice there is of course a limit, to which the coil-wire may be 
increased in length, or be diminished in sectional area, with 
advantage. 

These am not new facts, for the  bearing of the resistance, in the 
coils, to that opposed by the  cable  itself, is pretty well understood 
and  appreciated by many electricians ; but it  is believed, that 
attention has  not been publicly directed  to it before. The 
remarks which are constantly made show, that  it  is not so well 
comprehended as  it should be. When  it was urgcd upon the 
projectors of the  Atlantic cable, that  attenuation  at  any one 
portion of the cable, would seriously decrease the conducting 
power of the whole throughout, it was put to the test of a practical 
experiment; finding it  did not perceptibly affect the working, it 
was accounted for, not from the reasons here given, but from its 
being at the  attenuated portion, a Leyden arrangement of smaller 
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dimensions. This shows, that  the  idea,  that reduction at  one spot 
is tantamount  to  reduction  throughout, is entertained by some, 
whose practical experience  deservedly gives weight to  their 
opinions. In the work before alluded to it is said, “ T h e  fact is, 
that  this  fear of the conducting wire of the  cable  being tele- 
graphically disabled by attenuation,  is based upon the notion that 
the  insulated  strand is to act  as a sinaple emductor, and not as an 
inductiuely-charged Leydsn jar. I t  may be, and probably is, true 
that a simple  conductor transmits  an electrical current with a 
facility which is in a measure  proportioned to its capacity at  the 
smallest part of its  length ; the  entire conductor  being  virtually 
reduced  in its dimensions to the  standard of this  smallest  part. 

. Rut  it is not true  that  the  transmitting power of an insulatcd sub- 
marine wire, which is virtually a Leyden jar, and open to induct,ive 
charges,  is modified, from the same cause, to anything  like  the 
same  extent.  Here  the induction, which has  taken a mischievous 
part  in  producing  retardation of electrical movement in  coated 
wires, turns  round  and makes  amends for its interference, by 
causing. small and easily-laid wires to  be more manageable for 
submarmc  telegraphy  than  large ones could be.”’ 

The next point  for  consideration  is,  what will be the action of a 
galvanic battery, when connected to  send a current on a long sub- 
marine  circuit?  The wire and  the  earth  being only separated by 
the  thin  layer of gutta-percha,  induction  can  readily take place 
between them ; whilst the wire itself opposes a very great resist- 
ance  to  the 0owing of the  large  quantity of fluid which the  battery 
can generate,  and wants to force through. As the wire offers 
but  little resistance to a small quantity of electricity, a small 
amount will travel through  almost  instantly, the wire being  stati- 
cally charged at the same  time ; and as the wire becomes more 
and more  highly  charged, so will the stream flow out, in  larger 
and larger quantities, at the  further extremity. I n  fact, imme- 
diately on  contact  being made with the  battery, a wave  will be 
formed throughout  the wire, somet,hing like what is shown in 
Fig. 1, page 375, which is  intended t,o represent a submarine wire 
the moment after contact has been made widl  the battery. The 
line A represents the  internal  charge, having its maximum tension 
at, the  end connected with the battery, and diminishing  rapidly in 
intensity as it approaches the  further end. The line B shows the 
induced charge of the opposite kind, on the  outer surface of the 
gutta-percha,  and forms an exact counterpart to the  internal 
charge,  with the exception that  it will not be  quite so intense, for 
as it is spread over a larger surface, and only exactly  balances the 
internal wave, its tension will be lcss, as  its surface is greater. As 

Vide “The Atlantic Telegraph,” &C., page 40. 
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the wire opposes a great  deal of resistance to  the passa.ge of the 
current, whilst on the  other hand, comparatively speaking, there is 

Fig. 1. 
Battery Pole. Submariue Wire. 

no obstade in the way of induction taking place, the  greater 
portion of the first impetus will be occupied in  charging  the wire 
statically near  the  battery  end;  but  an infinitely-minute portion 
will pass instantly through the wire, for it is a balance of forces, 
between the resistance which the wire opposes, and  the ease with 
which induction  can take place. The flow  of electricity will con- 
tinue to increase, at the  further extremity, as  the wire becomes 
more and more highly charged, and both the flow and  the tension 
of the wave  will reach their maximum height together. After 
this has been attained,  the  current will flow in a continuous stream, 
as long as the  contact with the  battery continues. The clotted 
lines 1 1 and 1' 1' are  intended to  represent the waves, after  the 
contact with the  battery has been made, for a short time, and  the 
lines 2 2 and 2' 2' are  intended  to represent the waves, when t,hey 
have reached their maximum height. I n  the  last case, the 
intensity of the wave will be observed to be more regular. O n  
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disconnecting the  battery,  the opposite waves  will still continue to 
unite, the  rate of flow becoming slower and slower, as the tension 
of the waves gradually lessens. From what has  just been said, it  
follows, that  the  time which  will elapse between making contact 
with the  battery,  and  the observing a current at the  other  extremity 
of the circuit, will depend upon the delicacy of the instruments to 
record minute  amounts of current. It muat be  borne  in  mind, that 
a distinction has to  be  drawn, between the simple arrival of a  current, 
which it has  just been  endeavoured  to show is instantaneous, and 
the production of a telegraphic  signal ; for, after having charged 
the wire sufficiently to develop an appreciable current, owing to 
the wire taking some time to empty itself, if currents  are  sent  in 
succession, with any rapidity,  they will blend into one another, and 
instead of getting a series of distinct impulses at  the  further 
extremity, a continuous undulating wave will be obtained. This 
sluggishness has been obviated, to a great extcnt, as is now  well 
known, and  indeed completely overcome for  practical purposes, in 
circuits of moderate  length, by employing opposite currents of 
electricity,  in succession. The effect of this is to absorb the  pre- 
ceding wave, and  to neutralize it much more quickly than would 
be the case, if the wire was left to discharge itself in  the  ordinary 
way. I n  a suspended wire, as no induction, worth naming, can 
take place, there can be no accumulation of statical charge worth 
noticing;  the whole impetus is, therefore,  directed forward, and 
not diverted  laterally; consequently signals, for all practical pur- 
poses, are found  to  pass  instantly through circuits of this dcacrip- 
tion. 

The relations  subsisting,  telegraphically, bctwccn quantity ar;.d 
intensity of electric  currents, and whether there is any  advantage in 
making use of comparatively large dynamic  quantities of electricity, 
have next  to be considered. Before entering  into detail, it may 
be stated generally, that if' the insulation can  be depended upon, 
no great difficulty will be  experienced  in JTorking with small 
dynamic quantities ; but if the insulation is a t  all imperfect, larger 
dynamic quantities give a better chance of working through. I n  
Fig. 2, let A B represent a battery connccted through a short 
circuit of nominally no resistance ; 
then the current will have no intensity, 
" speaking practically,  not  theoreti- 
cally," because the connecting-wire 
offers no  resistance worth noticing, and 
the intensity of the  battery  is not called 
upon. To  use a simile, it may be com- 
pared to attaching a number of horses to 
a cart which one can  readily draw ; and when united,  they will not 
exert more force than one would in pulling it  along  at the Same 

Fig. 2. 
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speed. If, however, resistance is placed in the way of the passage 
of the current, by connecting the battery to a long wire, the in- 
tensity of the battery will then be  called  forth. Let A B, Fig. 3, 
page 378, be such a wire, one end dipping  into the earth,  the other 
connected to  the copper pole of an  intense  battery, D, the zinc 
pole being connected to the  earth.  This battery is arbitrarily 
supposed to have one hundred cells, of very smalI surface, and 
therefore  to  be  capable of giving out only a very small  dynamic 
quantity. The current would circulate from the copper pole, 
through the wire to  the  earth,  and  through it, back to  the zinc 
pole of the  battery. The actual working intensity of the  current 
will be proportional to  the resistance opposed by the wire. This 
can be measured  in the following way:-let F be a battery of a 
much smaller number of cells, connected with the same wire, and 
in  the same direction, that is, zinc connected to the  earth  and 
copper to the wire. Let a galvanometer  also be inserted in  the 
circuit,  to show  which  way the  current flows. I t  is evident, that 
the small battery will desire to send a current  along  the wire, in 
the same direction, as  that flowing from the  large one ; but it will 
be prevented from doing so, by the more powerfbl battery D p x a -  
lyzing it. The  large  battery D will have two channels open to  it, 
one through  the wire, the other through  the small battery to the 
earth,  and thence back again to the zinc pole of the  large battery. 
Should the small battery offer much less resistance  to the passage 
of the  current  through  it,  than  the  long wire, then  the  greater 
portion would travel  through  it, in preference to the wire ; but if 
cell by cell is added to this  battery, when its intensity becomes 
greater  than  the resistance opposed by the wire, a current will 
flow from it along the wire, as well as from the  larger  battery, 
and  the number of cells required to do this, will measure out 
exactly the working intensity of the current. If in  this case ten 
cells are required, then  the working intensity will be ten also. 
Any defects, G, G, G, in the  insulation  may be compared  to so 
many fine  wires, making contact between the wire and  the eart,h. 
If these defects exist  in such number  as to  permit the small  quantity 
of electricity this battery is developing to escape on the way, 
none will reach the  further  end; or, to  speak more correct'ly, 
no appreciable  amount will do so. The intensity of the current 
will be lowered, and  it will be found, that a smaller  number of 
cells in  the  little  battery will balance it. Increasing  the number 
of these small cells will not  afford any appreciable assistance, 
except that in  doing so, a little  greater quantity of electricity will 
be sent  along  the wire. If, however, the surface in each cell is 
increased, so that a larger  quantity may be  generated  than can 
escape through  the leaks, the tension of the  current will be raised, 
and  an appreciable amount will then reach the  further end, the 
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telegraph instrument being  rendered active. I n  this case, it is 
seen, that increasing the  series will be almost powerless, in affect- 
ing  the working intensity of the current, whilst increasing the 
quantity  generated will raise  the tension of the current. I n  fact, 
it' the surfaces in each cell are increased to an infinite extent, 
then the tension of the  current will be  raised so as  to approach to 
one hundred. T o  demonstrate the  bearing of quantity and inten- 
sity on leaky circuits, some experiments were tried by Mr. Crom- 
well Varley, in conjunction with the  Author, on leaky wires 
between London and Liverpool. When t l ~ e  surface of the  bat- 
teries  alone was increased, without adding to the series, the 
deflection on the galvanometer was raised from 22' to 53'. 

Whilst on this  branch of the subject, it may  be as we11 to 
explain, why '' theoretically " a larger  quantity of electricity will 
flow through a wire,  however  fine,  when the surface in ,  each cell 
of the  battery is increased, without adding  to  their number. 
When electricity is flowing from a battery through a wire, the 
intensity of the  current is lowered proportionately  to the  exact 
amount. which is passing through  the wire. But when drawing 
from a larger reservoir, which batteries of greater surface  may be 
compared to, this same amount will not lower the  general tension 
so much ; and hence a greater  quantity will be forced through, as 
there is more power to urge it. 

It has already been shown, that induction manifests itself in 
proportion to  the resistance offered by  the wire, other circum- 
stances  being the same ; and  that a wire offers, comparatively 
speaking, no resistance to very small amounts of electricity. This, 
a t  first sight,  might  lead  to the idea, that if very sensitive instru- 
ments could be employed, supposing the wire to  be perfectly 
insulated, as the induction would be less, the signals would be 
passed through more quickly ; or, in  other words, that increasing the 
delicacy of the instruments would be the same thing  as magni- 
fying the wire. A little reflection will, however, show the fallacy 
of such a supposition;  for  in  roportion as  the wire opposes less 
resistance, so will the tension o F the  current be lowered, and there- 
fore it will  possess a proportionately  smaller  amount of energy  to 
urge forward the current. If  the diameter of the cable is increased 
to double the size, it will then possess four times the sectional 
area,  and consequently have four  times the conducting power  of a 
wire of half this diameter. But  the outside surface, on which 
induction depends, will, at  the same time, be doubled, and hence 
there will be twice the inductive force. Nevertheless, there will 
be a gain ; for if, in  the original wire, the resistance was  one, and 
the induction one also, in the wire of twice the diameter, although 
the inductive force would be two, the resistance of the wire would 
be brought down to one-fourth, the relative balance of the forces 
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being reduced one-half. Therefore,  there would be a propor- 
tionate  gain in favour of rapidity of conduction, and  as doubling 
the  diameter of the wire has  reduced the  retarding induction one- 
half, signals might be expected, in this case, to travel twice as fast. 
Supposing four cables to be ranged side by side, it  is evident 
they will oppose one-fourth less resistance than one would do ; and 
consequently, the same tension of current would force four times 
the dynamic quantity of electricity  through, as would be forced 
through one alone. Signals would not, however, be passed more 
quickly through  the four cables  than through one cable ; for, 
although  the resistance has been reduced to one-fourth, the induc- 
tion has been quadrupled at the same time, which  will exactly 
counterbalance the smaller  resistance. If the cables are  merged 
into one, the case will then  be  altered, for the surface will at  once 
be brought down to ouc-half, and therefore there will only be half 
the  amount of induction  to retard  the rapidity of signalling, whilst 
the conducting power  will remain the same as  it was before. As 
the  outer surface of the gutta-percha  does not increase so rapidly as 
its substance, there will be a gain on that  head; for, if the con- 
ductor is of an inch in diameter, and  it is coated to the depth 
of &th o?an  inch with gutta-percha,  making a total  diameter of 
&ths of an inch, the united  exterior surface of four such cables 
would be 3 .  G square inches ; but if the four conductors are  merged 
into one, the  exterior surface will be 1.2 square inch, or less than 
half the  exterior surface of the four cables, in  the proportion of 
4 to 6. 

What  has  just been  said, will probably help to explain the 
results obtained by the  Atlantic  Telegraph Company. In  the 
experiments to ascert,ain, whether any advantage would result 
from the use of an increased  sectional area of metallic conductor, 
recourse was had to joining  the cables, side by side ; the inweased 
inductive surface which such an  arrangement involved, having pos- 
sibly been overlooked. This will account not only for an increased 
speed not  having been obtained, but for an  actual  retardation 
having been noticed. Electro-magnetic induction-coils do not  create 
electricity ; they simply offer a ready means of converting  electricity 
of low tension, and considerable dynamic quantity,  into electricity 
of very high tension, and small  dynamic  quant,ity. The quantity 
evolved by them is always smaller, in proportion as the intensity is 
greater.  Both cannot be readily obhined together, and, if a very 
high intensity is required, the quantity  must be sacrificed, unless 
the size of the  apparatus is immensely increased. This difficulty 
has evidently  been  appreciated, as the induction-coils used by 6he 
Atlantic  Telegraph Company are of large size and  great length, 
so as to obtain  high tensiou with an appreciable  dynamic  quantity. 
Nevertheless, there is little doubt, but  that  the  quantity evolvcd 
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even by these machines, when compared with that  generated from 
voltaic  batteries, is small. This  being the case, on giving  the 
current a larger number of channels  to rush into, there  is not 
enough  electricity to fill the wires, consequently the tension of the 
current is very much lowered. The effect  of this will be  (as will 
be explained  hereafter), that a longer time will elapse, before the 
tension of the wave  will be raised sufficiently high, a t  the  further 
extremity, to  render itself apparent on the instrument. T o  obtain, 
under such conditions, the same speed with four cables, as would 
be  obtained with one alone, it would be necessary to employ four 
of these induction-coils, ranged side by side, and worked with 
four times the battery-surface, so as to generate four times the 
dynamic quantity of electricity. When qualified with these con- 
ditions, under which no doubt the experiments were tried, thc 
reasoning  contained in the quotation from the  Atlantic  Telegraph 
Company’s pamphlet, given in  an earlier portion of this  Paper, is 
correct. It is precisely a case of having four Leyden  arrange- 
ments to charge instead of one. A telegraph cable is, in fact, a 
Leyden  arrangement, which has to be  charged,  to a certain degrce 
of saturation, before signals are obtained. The degree  to which 
it has to be charged statically,  depends upon the  extent of the 
inductive surface, compared to the  conductibility of the metallic 
core. In  a circuit where the conductibility of the metallic core is 
very great, c.ompared with the inductive surface of the insulating 
material, no high  degree of statical  charge can take place, and 
signals will pass quickly. The opposite effect will  be noticed, in a 
circuit where the inductive surface is very large, compared with 
the conductibility of the metallic core. The wire will then have 
to be statically charged very highly, before a perceptible currcnt 
will  flow from the  further extremity, and signals will be  obtained 
proportionately more slowly. 

The next question which has  to be considered is, whether the 
rate of transmission of signals is affected, by increasing the 
number of cells, when a voltaic battery is employed?  The  Author 
is of ‘opinion, that  this would be  the case. It has already been 
explained, how the wave of electricity rises and falls, on con- 
necting and disconnecting a battery from a submarine  circuit. 
The effect of a  higher  intensity would be to raise the wave to its 
maximum height more quickly ; and as the arrival of the  current 
takes place at the  instant, when the wave has  risen sufficiently 
high at  the  further extremity, to record itself on the instrument, 
and not at  the time it actually  begins  to flow, this  height would 
be attained more quickly, and signals also would be obtained 
sooner. An experiment  made by the Atlantic  Telegraph Com- 
pany, seems, inadvertently,  to prove the truth of this reasoning. 
A lilliputian battery of seven cells, reduced to the smallest dimen- 
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sions, having been  connected to a cable 600 milcs long, the 
signals occupied nine-tenths of a second in arriving. This  battery 
was then disconnected, and  another joined up  in  its place, but of 
twelve cells, and with a much larger  extent of surface in each cell, 
when signals  arrived in forty-four-hundredths of a second.‘ This 
great difference of speed is almost in  regular proportion to  the 
number of cells employed. Had the signals, in the case of the 
battery of seven cells, occupied seven-tenths instead of nine-tenths 
of a second in arriving, the speed would have been exactly  in 
proportion to  the  number of c,ells ; one cell taking forty-nine- 
tenths, seven cells occupying seven-tenths, and twelve cells a little 
more than four-tenths of a second in arriving. When  it is remem- 
bered,  that no two cells of batteries differently constructed, will 
have precisely the same  intensity, even supposing these  minute 
differences of time were quite accurately  recorded,  there would still 
be  reasons sufficient. to  account for the  irregularity. I t  should be 
mentioned, that  this experiment is stated to be given  in order to 
show, that increasing the batt,ery-surface alone afects  the  rate of 
transmission. No explanation of how it does this is attempted,  and 
the difference in  the intensity of t,he two batteries seems to have 
been overlooked, as a matter of no importance. The  Author 
believes the increase of rate  to have been chiefly due  to  the  larger 
number of cells employed in the second part of the experiment, and 
not so much to the increased surface. H e  has  already explained 
the conditions under which an increased batt,ery-surface would raise 
the tension of the current, and so increase the rapidity of signalling. 
I n  this  experiment, the tension of the  currents used was so low, 
and  the resistance opposed by the 600 miles of wire so great,  that 
it is probable, a very much smaller  dynamic quantity was gene- 
rated through the whole length of the wire, than even the lillipu- 
tian  battery would generate  through a circuit of nominally no 
resistance. I f  this was the case, increasing the battery-surface 
only,  without adding to the series, would have but  little efiect 
in  increasing  the  quantity flowing. The experiment,  therefore, 
as a trial of the effect of enlarged battery-surface  alone,  cannot 
be considered a fair one. Attention has been drawn  to it here; 
as it may help  to throw some light upon the matter  under consi- 
deration. 

It is true,  that in  many  experiments with voltaic batteries of 
different  intensities, a difference of speed has  not been observed. 
There  are two, or three reasons which are sufficient to account for 
this anomaly. The instruments employed have not bcen of a very 
sensitive description, but. have required,  comparatirely speaking, a 
considerable amount of force to work them. Again,  the plan 

1 V i d e  “ The Atlantic Telegraph,” &C., page 20. 

Downloaded by [ University College London] on [23/09/16]. Copyright © ICE Publishing, all rights reserved.



ELECTRICAL QUALIFICATIONS OF SUBMARINE CABLES. 383 

generally adopted  has been, it is believed, to  make  the  current 
record itself, by chemical decomposition, on a slip of prepared 
paper. T o  do  this, t,hrough a long circuit, would require a 
considerable intensity, and  in practice, through a circuit of 
only 200 miles in  length, ninety-six, or more cells are frequently 
employed. The result  obtained is a wave line; commencing 
from nothing, gradually rising to its maximum height, and con- 
tinuing  at  that point, as  long  as  the  battery remains connected. 
The tension of the  current at any one period is not clearly 
defined. I n  the first place, the tension of the wave must  rise 
to a considerable degree before it will record itself at all. 
Then  it is impossible to tell where the  line actually begins, or 
precisely the point where it has attained  its maximum degree of 
tension. Experiments such as these can scarcely be compared 
with those tried with the beautiful  apparatus employed by the 
Atlantic  Telegraph Company. I t  appears, that  the sensitiveness 
of this  apparatus is such, that  it is capable of being rendered 
active, by the feeble current set up by the saliva of the mouth, 
acting on a sixpence and a small piece of zinc, through a circuit 
of 500 miles ; and records, by a definite amount of attraction, not 
a wave line  liable  to  the  faults  just described. Consequently, 
the results generally  obtained, when voltaic currents have been 
experimented upon, have, if the  term  may be used, not been so 
clean. 

Signals  obtained from electro-magnetic induced currents would 
be expected to be more rapid. There is some difference between 
these currents, and those obtained direct from the voltaic battery. 
The  impulses are shorter and more decisive, possessing very great 
tension at the moment of their generation and on entering  the 
wire, and vanishing to  nothing afterwards ; whilst the wave from a 
battery commences from no tension, and  gradually rises to its 
maximum height.  Fig. 4 gives a notion of the difference between 

Fig. 4. 

the two  waves, where V is intended to  represent a voltaic one, 
beginning from nothing and gradually  rising  to its maximum, and 
M an electro-magnetic wave, commencing almost instantly with a 
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very high intensity, and subsiding  quickly down to  nothing. I n  
Fig. 5, the lines of decreasing  length 1, 2, and 3, are  intended  to 

Fig. 5. 

rcpresent  the intensity of one of these waves acting through a 
wire : line 1, on its first entering, shows the tension of the wave at  
its  highest;  line 2, a moment  afterwards, shows that  the tension 
will be lower ; and  at  line 3, it  will have  no tension whatever, or 
more  correctly  speaking, no appreciable tension.' 

The intensity of electro-magnetic  induced currents is many 
times as great, as the maximum tension of the most intense voltaic 
currents which have ever  been employed. Differences of speed, 
arising from the increased tension of the electricity, have been 
therefore more magnified, and  rendered more apparent, when 
these currents have been had recourse to. A voltaic battery re- 
quires twelve hundred cells to spark  through a space of air only 
one-hundredth of an inch ; but even this  intensity is very low for 
an induced current, whose tension can be readily  raised, so as to 
leap  through a space of air of 2, 4, 6, or more inches, if required. 
This high degree of intensity sufficiently accounts for the increased 
speed of signalling, which has been observed where induced 
currents have been employed, in  the place of voltaic ones. A 
voltaic battery may be compared to a hydraulic ram,  and  an 
clcctro-magnetic induction-coil to a fly-press ; both may be con- 
structed so as to  raise the same weight, but  the one will do it 
much more  suddenly and rapidly than  the other. 

If the views brought forward  in  this Paper  are correct, the 
following would appear to  be the principles, on  which the con- 
struction of a telegraph cable should  be based. 

is quite  aware,  that  these  diagrams do neither  clearly, nor accurately  represent 
' The  Author is fully  alive  to  the  difficulty of representing  abstract  ideas,  and 

any  actual  case; but he trusts they  will  render  apparent  what  he  wishes to 
convey.-S.  A. V. 
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First--That  a proportionately-increased rapidity of action will 
be obtained for every increase  in the  diameter of the  conductor; 
as, when the  diameter of the metallic core is increased, the 
resistance is lessened as the  square, whilst the induction only 
increases  in regular proportions. 

Secondly-That it  is  better, as far as practicable,  to lessen the 
relative  amount of inductive force, by increasing the  area of the 
conductor;  as increasing the thickness of the insulation, owing to 
the outside surface  increasing at  the  same time, will be  attended 
with only partial benefit; but increasing the thickness of the 
insulation will be attended with a beneficial result. 

Thirdly-That  the wire should be  made of the best conducting 
material  that can be  obtained, so as to  reduce the surface exposed 
to induction to a minimum ; for if the  diameter of the metallic 
core could be lessened, without at the same  time  diminishing its 
conducting power, the induction would be lessened, in  the same 
proportion as  the surface was decreased. 

These observations are now submitted to the Institution, with- 
out prejudice, to  be refuted if incorrect, to be confirmed if true. 
But before dismissing the subject, the  Author cannot  help ob- 
serving, that it is impossible to believe, that  Nature, whose  laws, 
science, as she progresses, invariably discovers to  be simpler, and 
still more simple, should have one way of transmitting a current 
along one wire, and another way of sending it  along another ; and 
that electric  currents,  having all  the same properties in common, 
should be differently affected, when their intensity is diminished, 
or increased. 

The  Paper is illustrated by a series of diagrams, from which the 
woodcuts, Figs. l to 5, have hcen compiled. 

[1857-58. N.S.] 2 c  
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